ABSTRACT: An experiment was undertaken in the open field at the nursery of Hort. Res. Inst., ARC, Giza, Egypt during 2013 and 2014 seasons to explore the effect of different water qualities (fresh, mixed (50% fresh + 50% sanitary water) and primary treated sanitary water), various concentrations of jasmine oil (0.0, 0.03 and 0.05%) applied as foliar spray, 3 times with 15 days interval and their interactions on growth and chemical composition of one-year-old seedlings of Australian pine (Casuarina equisetifolia L.) and River Red Gum (Eucalyptus rostrata Schlecht.) cultivated in 16-cm-diameter black polyethylene bags filled with about 3.5 kg of clayey soil.
INTRODUCTION
Casuarina equisetifolia L., Australian pine (Fam. Casuarinacae) and Eucalyptus rostrata Schlecht., River Red Gum (Fam. Myrtaceae), both are native to Australia, cultivated on canals, agricultural roads, avenues and belts. They are also grown for shading, erosion prevention and for wind breaking. Their wood is used for fuel and charcoal, as well as for wood industry (Bailey, 1976 and Huxley et al., 1992) .
Although reuse of sanitary water for irrigation proved to have some disadvantages on some plants, it has some beneficial effects on other ones, especially economic ornamentals which are not food chain crops. In this respect, Verma et al. (1991) found that irrigation with municipal effluent caused significant increases in height, girth, branch and leaf number, and in dry matter production of Eucalyptus tereticornis and Lucaena leucocephala. Likewise, were the results of Kanekar et al. (1993) on Acacia nilotica and Casuarina equisetifolia, Poraas (2000) on Eucalyptus batryoides and Casuarina tenussima, Abbas (2002) on Casuarina glauca, Populus nigra and Taxodium distichum and Hassan (2005) who revealed that primary treated sewage water significantly increased plant height, stem diameter, leaves and branches No., leaf area and fresh dry weights of leaves, shoots and roots of Khaya senegalensis, Swiettenia mahogony and Taxodium distichum. Specific gravity and fiber length took the same trend of vegetative growth in the 3 timber species. This water also gave the significantly high values of total chlorophyll content, N, P, K, Na, Cu, Mn, Zn, Cd, Ni, Pb and Fe concentrations in the different plant parts of the 3 trees. Other benefits were also recorded by Gogate et al. (1995) on teak (Tectona grandis), Shahin and Poraas (2005) on Dodonaea viscosa, Shahin and El-Malt (2006) on Acacia nilotica, Quercus suber and Tipuana Tipu, Abdalla (2007) on bird-ofparadise and carnation and Odindo et al. (2013) 
on Phaseolus vulgaris and Beta vulgaris.
It is well known that jasmonates are important signaling molecules for plant defensive responses upon mechanical wounding, herbivory damage or fungal inoculation. This was emphasized by Naidoo et al. (2013) on Eucalyptus grandis, on Pinus pinaster, Semiz et al. (2012) on Pinus sylvestris and Quercus ilex, Boeckler et al. (2013) on Populus nigra and Lombardero et al. (2013) on Pinus pinaster and P. radiata. Furthermore, Kondo (2010) mentioned that jasmonates are able to regulate ethylene biosynthesis and aroma volatiles in the skin of apples and pears, and increased ester and alcohol production in fruits. Jasmonates have a role in plant defense against environmental stress, where the application of N-propyl dihydrojasmonates (PDJ), a jasmonic acid (JA) derivative, decreased low-temperature injuries such as splitting and spotting in apple fruits. PDJ application also induced stomatal closure in citrus leaves. Likewise, Gonzalez-Aguilar et al. (2003) stated that methyl jasmonate (MeJA) application reduced chilling injuries in Carica papaya.
Another physiological effects were also observed by Nojiri et al. (1992) who postulated that jasmonates promoted bulb formation and development in onion and Koda et al. (1998) who revealed that jasmonates stimulated potato tuberization. Moreover, Tamari et al. (1995) claimed that jasmonates induced the pigmentation and flavonoid gave expression in Petunia hybrida corollas. Kondo and Yazama (2004) reported that JA stimulated callus formation on apple pulp discs and promoted anthocyanin accumulation in apple fruit skin. Kondo (2010) affirmed that PDJ application increased fruit coloration in apples.
Other results indicated that dipping of carnation cut-flowers in jasmine oil at 0.03% enhanced flower quality and prolonged vase life by improving water uptake, reducing depletion of sugars content and pigments in the leaves (Zaky and El-Zayat, 2008) . Ahmed et al. (2010) noticed that spraying jasmine oil solution at 0.03% concentration on foliage of Phoenix canariensis and Latania lontaroides palms gave better growth and higher content of chlorophyll a, b, carotenoids, total carbohydrates and indoles than NPK mixture at 2.5 g/pot. These observations were supported by results of Zabala et al. (2010) on Thevetia peruviana, Lovatt and Zheng (2010) on Pistacia vera, Shafiq et al. (2011) on "Cripps Pink" apple, on Pinus pinaster, Gong et al. (2012) on Ziziphus jujupe, Shafiq et al. (2013) on "Cripps Pink" apple, Ozturk et al. (2013) on "Fuji" apples and Sunil et al. (2014) 
on loquat (Eriobotrya japonica).
The present work, however aims to reveal the role of jasmine oil in improving growth and quality plus enhancing tolerance ability of Casuarina and Eucalyptus trees to hazards of sanitary water when use at various strengths for irrigation. Tables  (2) and (3), respectively.
MATERIALS AND METHODS
3-A mixture of fresh and sanitary water at equal volume (1:1, v/v) used as a mixed water treatment.
Throughout the course of this study, plants were irrigated once every 2 days with 350 ml of the various water qualities used. Jasmine oil (the essential oil extracted from flowers of Jasminum grandiflorum, which contains the main following components: cis-3-hexanol (3%), cis-3-hexenylacetate (4.5%), linalool L (59%), benzyl acetate (22.5%), methyl anthranilate (1.5%), methyl salicylate (2%), methyl benzoate (4.5%) and benzyl benzoate (3%), besides variable amounts of indole, cisjasmane, geraniol, P-cresol, farnesol, eugenol, nerol, benzoic acid, benzaldehyde, Beale and Ward (1998) was dissolved in 20% ethanol and sprayed as an aqueous solution on the foliage of treated plants till the solution was run-off after one month from planting (on May 1 st ), 3 times with 15 days interval at the concentrations of 0.00, 0.03 and 0.05%.
Each type of water was combined with each level of jasmine oil to form 9 interaction treatments.
The plants of each tree species were arranged for each season in randomized block design with factorial concept replicated thrice, as each replicate contained 5 seedlings, i.e., 15 seedlings in each treatment (Mead et al., 1993) . All plants under various treatments received the usual agricultural practices whenever required.
At the end of each season (on October, 30 th ), data were recorded as follows: plant height (cm), number of leaves/plant, stem diameter at the base (cm), number of branches/plant, root length (cm), number of rootlets/main root as well as fresh and dry weights of stem, leaves and roots (g). In fresh leaf samples taken from the middle parts of the plants in the 2 nd season only, photosynthetic pigments content (chlorophyll a, b and carotenoids, mg/g f.w.) was determined according to the method of Moran (1982) , while in dry samples of stem, leaves and roots, the percentages of total soluble sugars (Dubois et al., 1956) , nitrogen (Pregl, 1945) , phosphorus (Luatanab and Olsen, 1965) , potassium (Jackson, 1973) as well as the content of lead (Pb) and cadmium (Cd) in ppm (Jackson, 1973) were measured. Data were then tabulated and the morphological ones were subjected to analysis of variance using SAS Institute program (1994) followed Duncan's Multiple Range Test (Duncan, 1955) to elucidate the significancy among various treatments. It is evident from data averaged in Tables (4 a and b) and (5) that mixed water treatment significantly improved all vegetative and root growth traits over control in the two seasons, while irrigation with sanitary water gave values of some traits closely near to those of control with nonsignificant differences among them despite improving fresh and dry weights of stem, leaves and roots relatively better than control in both seasons. On the other side, a progressive increment was observed in means of all vegetative and root growth parameters as a result of spraying with the gradual increasing in jasmine oil concentration to reach the maximum by 0.05% level in the two seasons. Combining between water type and jasmine oil spraying greatly improved growth performance, with the superiority of connecting between mixed water irrigation and 0.05% jasmine oil spraying, as this combination recorded the utmost high means of various vegetative and root growth criteria over the other combinations in the two seasons. In general, the least growth rate was noticed in plants irrigated with 100% sanitary water in the absence of jasmine oil treatment. Improvement growth or some growth parameters of plants irrigated with either sanitary or mixed water indicate the direct role of such water types in correcting soil fertility by adding some nutrients and organic matter, which in turn improve soil physical and chemical properties (Verma et al., 1991 and Kanekar et al., 1993) , whilst growth reduction may be refer to accumulation of some toxic elements which may cause chlorosis, leaf defoliation and some physiological disorders (Gogate et al., 1995) , or may be due to contamination with some pathogens and parasites that cause some diseases which negatively affecting growth and health of plants (Norman et al., 2003) . Analogous observations were also attained by Poraas (2000) Odindo et al. (2013) who reported that bean (Phasealus vulgaris) seeds germinated using waste effluent showed radicle protrusion earlier than those under tap water, radicles were longer and produced more root mass compared to those germinated using tap water. Swiss chard (Beta vulgaris) plants irrigated with waste effluent gave better dry matter and leaf area than those irrigated with tap water.
RESULTS AND DISCUSSION
Besides, jasmine oil activates vital processes in the treated plants, involved in most events of plant development and plays a marked cell signaling role in defensive responses of plants Lombardero et al., 2013) . It is able to regulate ethylene biosynthesis, reduce injuries of the environmental stresses, induce stomatal closure (Kondo, 2010) and decrease chilling injury (Gonzalez-Aquilar et al., 2003) . The previous gains, however were supported by those of Naidoo et al. (2013) on Eucalyptus grandis, Boeckler et al. (2013) on Populus nigra and Sunil et al. (2014) on loquat.
2-Effect on chemical composition:
Data in Table ( 6) exhibit that chlorophyll a, b and carotenoids content in the leaves (mg/g f.w.) was greatly increased relative to control content in response to either mixed or sanitary water treatments, with the prevalence of the former one, which registered the highest content at all. This may be ascribed to presence of macro-and micro-nutrients and organic matter in sanitary or mixed water, which are necessary for promoting stroma lamella formation and grana and chlorophyll appearance during normal leaf growth.
On the other hand, means of these pigments were linearly increased with increasing jasmine oil concentration except of chlorophyll b content which pronouncedly decreased to be 0.149 and 0.232 mg/g f.w. in the leaves of plants sprayed with 0.03 and 0.05% concentrations, respectively against 0.388 mg/g f.w. in the leaves of untreated plants. Increment content of some pigments might be reasonably excepted because jasmine oil usually activates some enzymatic systems in plant tissues which affect the biosynthesis of active constituents in these tissues (Beale and Ward, 1998) . In this connection, Tamari et al. (1995) declared that jasmontes induced the pigmentation and flavonoid gene expression in Petunia hybrida corollas. This was also affirmed by Kondo (2010) who found that npropyl dihydrogasmonate application increased coloration of apples fruits. Interactions also enhanced pigments formation, with the mastery of mixed water treatment that scored the highest content of chlorophyll a and carotenoids in the leaves of plants sprayed with 0.05% jasmine oil solution. That was true for chlorophyll b content when plants were also irrigated with mixed water, but in the absence of jasmine oil treatment.
Results of total soluble sugars, N, P and K percentages recorded in Tables (7 and 8) showed a similar trend to that of pigments, as the content of these components clearly increased in the stem, leaves and roots as a results of using either sanitary water (alone or in a mixture) or spraying the foliage with jasmine oil solution. The highest content of them was also due to the connecting between Table 6 
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76 irrigation with mixed water and spraying with jasmine oil at high rate (0.05%). Moreover, mixed water often gave higher content of such constituents than sanitary one and content of them was progressively raised as the level of jasmine oil was increased. In this regard, Ozturk (2013) indicated that jasmine oil slow some vital processes such as respiration, while enhance juvenility leading to consumption of sugars by hindering ethylene action and retarding the quick senescence of plant organs, and in turn utilization of sugars. However, the least averages of these constituents were attained by control plants with few exceptions.
The content of Pb and Cd in the stem, leaves and roots (ppm) was gradually increased with increasing the percent of sanitary water in irrigation water to reach the maximum when the absolute sanitary water was used for irrigation. This, of course attributed to the presence of these metals in mixed or sanitary water used in this study (Table, 2) . In this concern, Hunshal et al. (2000) noted that increasing chemical constituents in plant tissues may be refer to the higher content of suspended solids, solutes and total N in the used sanitary water. The opposite was the right concerning jasmine oil treatments which were progressively reduced content of such two elements in the different plant organs with increasing its concentration in spray solution. Therefore, the least content of both Pb and Cd was noticed in organs of plants sprayed with the high rate of jasmine oil (0.05%), especially under fresh water treatment, while the highest content explored in plants irrigated with 100% sanitary water and received no jasmine oil treatment. Generally, accumulation of Pb and Cd in the roots was, to some extent higher than their accumulation in the stem and leaves, but this did not lead to any morpho-or phsio-logical disorders in plants because the concentrations of them did not surpassed the critical levels, which were 30-35 ppm for both as mentioned by Macnicol and Bockett (1985) .
The trend of previous results, however, coincides with those postulated by Abbas (2002) on Casuarina glauca, Shahin and ElMalt (2006) on Acacia nilotica,Quercus suber and Tipuana tipu, Semiz et al. (2012) on Pinus sylvestris and Quercus ilex, Ozturk et al. (2013) on "Fuji" apples and Odindo et al. (2013) who mentioned that high P concentration in the waste effluent may be associated with increased P content, shoot mass and extensive root growth of bean and Swiss chard.
Part II. Effect of water type, jasmine oil and their interaction on growth and chemical composition of Eucalyptus rostrata Schlecht. plants.
1-Effect on vegetative and root growth parameters:
Similar observations to those obtained in case of vegetative and root growth parameters of Casuarina plant (Part I) were also gained in Eucalyptus, where all vegetative and root growth measurements presented in Tables (9 a and b) and (10); expressed as plant height (cm), number of branches and leaves/plant, stem diameter (cm), root length (cm), number of rootlets/main root as well as fresh and dry weights of stem, leaves and roots (g) were improved due to irrigation with either mixed or sanitary water, with the excellence of the former treatment (mixed water) which gave the utmost high values compared to the values recorded by sanitary water in most instances of both seasons. Also, the means of such criteria were cumulatively elevated with rising jasmine oil concentration to be significantly higher than those of control with few exceptions in the two seasons. However, the mastership in both seasons was also for the high rate (0.05%). Concerning the effect of interaction treatments, they were caused a marked improve in the different growth traits, with the dominance of the interaction between mixed water treatment and spraying with jasmine oil at 0.05% level, which gave the best growth in the two seasons at all. On the other hand, the least records were registered Table 9a These results could be interpretted and discussed as done before in case of vegetative and root growth parameters of Casuarina plants.
2-Effect on chemical composition:
It is clear from data illustrated in Table (11) that mixed water is the only treatment among water types which improved chlorophyll a and carotenoids content (mg/g f.w.) in the leaves of plants irrigated with it, whereas sanitary water diminished their content to less than control. As for chlorophyll b content, it was increased by either mixed water or sanitary one recording 0.798 and 0.740 mg/g f.w. for the two water types, consecutively versus 0.487 mg/g f.w. for control. The content of these pigments, on the other side were sequentially elevated with elevating jasmine oil concentration to score the high level (0.05%) higher values than the low one (0.03%). Pigments content was also improved by combined treatments, with the supremacy of mixed water + 0.05% jasmine oil solution that gave the highest content over other combinations.
Similarly, were the percentages of total soluble sugars, N, P and K contents in the stem, leaves and roots (Tables, 12 and 13) , as they were increased in response to the various treatments employed in this work, with the superiority of the individual application of either mixed water or high level of jasmine oil, as well as the interaction between them.
As observed before in case of chemical composition of Casuarina plant, content of both Pb and Cd as ppm in the stem, leaves and roots was gradually increased with increasing sanitary water percent in the used water for irrigation, but was linearly decreased with increasing jasmine oil concentration in spray solution. However, the highest content of these two metals was found in the different parts of plants irrigated with absolute sanitary water and sprayed with zero jasmine oil solution. Furthermore, content of such two metals in the roots was higher than that in stem or leaves without any physiological disorders for plants.
The previous findings may be discussed as previously mentioned when the authors discussed these active constituents in case of chemical composition of Casuarina plant (Part, I).
According to the above-mentioned results, it could be noted that sanitary water can be used after mixing it with fresh water in irrigating Casuarina equisetifolia L. and Eucalyptus rostrata Schlecht. plants provided that spraying them with jasmine oil solution at 0.05% concentration, 3 times with 15 days interval to get the best growth and highest quality. 
